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MEASUREMENT SYSTEM AND METHOD
FOR TESTING A DEVICE UNDER TEST

FIELD OF TH.

L1

DISCLOSURE

Embodiments of the present disclosure relate to a mea-
surement system for testing a device under test as well as a
method for testing a device under test.

BACKGROUND

In the state of the art, measurement systems are known
that can be used for testing devices under test such as mobile
communication devices with regard to multiple-input mul-
tiple-output (MIMO) characteristics as well as radio
resource management (RRM) characteristics.

Usually, the devices under test are placed 1n a shielded
room or a shielded chamber which i1s also called multiple
probe anechoic chamber (MPAC). The MPAC may comprise
hundreds of antennas for testing the respective characteris-
tics of the device under test, for instance the far-field
characteristics of the device under test which correspond to
the characteristics defining the performance of the device
under test. The antennas used may correspond to so-called
plane wave converters (PWCs) so that the far-field charac-
teristics of the device under test can be tested appropriately
as plane waves are used for testing purposes that correspond
to the electromagnetic waves 1n the far-field.

Alternatively, far-field chambers are used for testing the
far-field characteristics of the device under test. However,
the space required by those measurement systems 1s high.

For testing the angular performance characteristics of the
device under test such as downlink and/or uplink character-
istics, hundreds of antennas are required for performing the
respective measurements. These tests are typically required
for measuring the MIMO and/or RRM characteristics of a
device under test under realistic conditions. However, the
costs for measuring the respective (far-field) performance
characteristics, 1n particular the angular behavior, are high
due to the number of antennas.

SUMMARY

Thus, there 1s a need for a possibility to test a device under
test with regard to the MIMO and/or RRM characteristics in
a cheaper and more compact manner.

Embodiments of the present disclosure provide a mea-
surement system for testing a device under test. In some
embodiments, the system comprises at least two antennas, at
least two reflectors, a signal generation and/or analysis
equipment, and a test location for the device under test,
wherein each of the at least two antennas 1s assigned to a
corresponding reflector, wherein each of the at least two
antennas 1s configured to transmit and/or receive an elec-
tromagnetic signal so that a beam path 1s provided between
the respective antenna and the test location, wherein the
clectromagnetic signal 1s reflected by the respective reflector
so that the electromagnetic signal corresponds to a planar
wave, wherein the beam paths have different angular orien-
tations that are adjustable, and wherein at least one antenna
and the corresponding reflector are coupled with each other
so that an integrated beam path adjustment unit 1s estab-
lished including at least one antenna and the corresponding
reflector.

Further, the embodiments of the present disclosure pro-
vide a method for testing a device under test placed on a test
location by using a measurement system comprising a signal
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2

generation and/or analysis equipment and at least one inte-
grated beam path adjustment unmit including an antenna and
a reflector coupled with the respective antenna, with the

following steps:

Adjusting the beam path adjustment unit with respect to
the device under test so that a beam path 1s established
between the device under test and the respective antenna of
the beam path adjustment unit having a defined angular
orientation,

Generating an electromagnetic signal by the device under
test and/or the signal generation equipment, and

Receiving the electromagnetic signal generated via the
signal analysis equipment and/or the device under test.

The present disclosure 1s based on the finding that the
respective measurements, namely multiple-input multiple-
output (MIMO) and/or radio resource management (RRM)
measurements, can be done 1 a more eflicient manner by
using a measurement system that has at least one integrated
beam path adjustment unit that includes one antenna and a
corresponding reflector that deflects the electromagnetic
signal exchanged between the device under test and the
corresponding antenna appropriately. The reflector ensures
that the far-field characteristics of the device under test, for
instance the respective receiving and/or transmitting char-
acteristics, can be mvestigated by the measurement system
even though the measurement system 1s more compact than
measurement systems known 1n the prior art for testing the
tar-field characteristics of the device under test. This can be
ensured since the electromagnetic signal generated 1s
reflected by the reflector such that a planar wave 1s provided
that corresponds to an electromagnetic wave 1n the far-field.

Due to the at least two antennas, for instance feed or
measurement antennas, the respective characteristics of the
device under test with regard to the MIMO and/or RRM
characteristics can be tested since two diflerent base stations
can be simulated for testing hand-over scenarios. Further-
more, multiple layer communications, also called multi-
layered communication, as used by MIMO applications can
be tested appropriately.

Generally, the integrated beam path adjustment unit
ensures that the antenna and the corresponding reflector may
have a predetermined relationship between each other so
that certain settings can be set easily. This 1s ensured as the
antenna and the corresponding reflector are (mechanically)
coupled with each other ensuring a predefined spatial rela-
tionship that may be adjusted 1f desired. In some embodi-
ments, the mtegrated beam path adjustment unit 1s a single
unit.

Thus, the respective antenna and the corresponding
reflector are mounted simultaneously when the integrated
beam path adjustment unit 1s mounted.

Accordingly, the setup for testing the device under test 1s
simplified so that the measurements can be done faster and
in a more cost-eflicient manner since the overall eflorts
related to the testing of the device under test are reduced, for
example providing different test setups. In other words, the
measurement system, for example the integrated beam path
adjustment unit, 1s easy to use so that the user of the
measurement system 1s enabled to carry out the respective
measurements 1 a time-eflicient and, theretfore, cost-eth-
cient manner.

The respective reflectors can have an appropriate shape 1n
order to ensure that plane waves are provided when the
respective electromagnetic signals are reflected. Hence,
shaped retlectors are provided. The retlectors can be used to
focus the electromagnetic signal(s) detlected appropriately.
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The signal generation and/or analysis equipment may be
established by signal processing equipment that may com-
prise a signal generation unit and/or a signal analysis unit.
Thus, the signal processing equipment may be at least one
of a signal generation equipment and a signal analysis
equipment.

The integrated beam path adjustment unit may be adjusted
so that the beam path related to the integrated beam path
adjustment unit has a different angular orientation than the
beam path provided by another antenna, for instance a
({ixed) antenna that may be assigned to a (fixed) retlector.

According to an aspect, each of the retlectors 1s located 1n
the corresponding beam path, wherein each of the reflectors
1s configured to generate and/or collimate a planar wave.
Thus, the retlectors ensure that the far-field characteristics of
the device under test can be measured by the measurement
system even though the measurement system does not
require the space that 1s typically required by a measurement
system for testing the far-field characteristics of a device
under test. The (e.g., appropriately shaped) retlector ensures
that a planar wave 1s generated and/or collimated which
corresponds to an electromagnetic wave in the far-field.
Thus, the retlector located within the corresponding beam
path adapts or rather converts the electromagnetic signal so
that the far-field characteristics are obtainable.

According to another aspect, the beam path adjustment
unit comprises a rotational adjustment member for rotational
movement of the retlector and/or the antenna. Accordingly,
the angular orientation of the respective beam path can be
inter alia adjusted by the rotational movement of the beam
path adjustment unit, for example the respective component
assigned to the rotational adjustment member. The rotational
adjustment member may be assigned to one component of
the mtegrated beam path adjustment unit, for instance the
reflector or the antenna, so that only this component can be
rotated appropriately. However, the rotational adjustment
member may also be assigned to both components simulta-
neously. Alternatively, two rotational adjustment members
for both components may be provided. For instance, the at
least one rotational adjustment member 1s established by a
gimbal or a joint.

Moreover, the beam path adjustment unit may comprise a
linear adjustment member for adjusting the linear position of
the reflector and/or the antenna. The linear adjustment
member may be used to adjust the relative (linear or rather
axial) position of the reflector and/or the antenna with
respect to the test location. Hence, the relative position of
one respective component of the integrated beam path
adjustment unit with respect to the device under test located
at the test location can be adjusted appropriately by the
linear adjustment member. Accordingly, the linear adjust-
ment member of the integrated beam path adjustment unit
can 1nter alia be used to adjust the angular orientation of the
respective beam path. The linear adjustment member may
also be assigned to both components simultaneously. Alter-
natively, two linear adjustment members for both compo-
nents may be provided.

The linear adjustment member may also be used to adjust
the relative (linear or rather axial) position of the reflector
and/or the antenna with respect to each other.

The linear adjustment member may be established by a
linear rail along which the respective component of the
integrated beam path adjustment unit, namely the antenna
and/or the reflector, can be displaced 1n a linear manner.

Generally, the linear adjustment member, for instance the
linear rail, and the rotational adjustment member, for
instance the gimbal, ensure that a linear and rotational
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4

movement of at least one component of the integrated beam
path adjustment umt 1s possible with respect to the device
under test. Accordingly, the beam path established between
the antenna and the device under test can be adapted
appropriately with regard to 1ts angular orientation.

For instance, two beam path adjustment units are pro-
vided, wherein the linear adjustment members of both beam
path adjustment units intersect each other in a plan view, for
example 1n the area of the test location. The linear adjust-
ment members may be assigned to diflerent planes so that
the linear adjustment members 1ntersect each other 1n a plan
view on the measurement system. In some embodiments, the
respective linear adjustment members are stacked on each
other at least partly. For instance, the linear adjustment
members are connected with each other 1n the intersecting
area via a joint or a bearing.

The intersection of the linear adjustment members may
correspond to the area of the test location, namely the device
under test, so that the device under test corresponds to a
fixed-point for both integrated beam path adjustment units.
Hence, the linear movement of at least one component of the
respective integrated beam path adjustment unit 1s done with
respect to the device under test being the fixed-point.

According to another aspect, two beam path adjustment
units are provided, wherein both beam path adjustment units
can be moved about the same axis independently from each
other. Hence, both beam path adjustment units can be
swiveled about the same axis corresponding to a rotational
axis. In other words, both beam path adjustment units can be
moved 1n a circular manner with respect to the same axis.
The axis may correspond to the center of the test location on
which the device under test 1s placed for testing purposes.

The independent movement of the at least two beam path
adjustment units, for example the independent movement of
the linear adjustment members of the respective beam path
adjustment units, can be ensured by a joint, a bearing and/or
any other suitable member ensuring a relative movement.
Both integrated beam path adjustment units may be con-
nected with each other via the joint, the bearing or the other
suitable member used.

The measurement system, for example the integrated
beam path adjustment units as well as the test location, may
be formed 1n an integrated manner since the integrated beam
path adjustment units are connected with each other via their
linear adjustment members.

The reflectors may correspond to a respective first end of
the linear adjustment members whereas the axis and/or the
test location for the device under test is assigned to a
respective second end of the linear adjustment members

wherein the first and the second ends being opposite to each
other.

Generally, the reflector splits the respective beam path
into two parts, namely a first part corresponding to the
antenna and a second part corresponding to the test location.
Thus, the first part of the respective beam path 1s assigned
to the portion between the reflector and the antenna whereas
the second part of the respective beam path 1s assigned to the
portion between the reflector and the device under test
and/or the test location.

Another aspect provides that the beam path adjustment
unit comprises a height adjustment member for adjusting the
height of the reflector and/or the antenna. Therefore, the
angular orientation of the beam path established can be
adjusted further. The height of the antenna can be adjusted
appropriately in order to account for a different reflector
height with regard to the device under test placed on the test
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location. The reflector can be adjusted in its height with
regard to a different device under test to be tested.

Furthermore, each reflector may be designed such that it
can account for different heights of the device under test.
Thus, the reflector itself can be used for diflerent devices
under test with regard to their respective heights. However,
the height of the associated antenna can be adjusted appro-
priately.

Moreover, a remote radio head can be assigned to the
beam path adjustment unit. For instance, the remote radio
head, also called remote radio unit, 1s placed under the
respective linear adjustment member so that the remote
radio head 1s located close to the antenna. This ensures that
path losses are reduced that might occur 1f the remote radio
head 1s located at a certain distance with respect to the
antenna. In general, the remote radio head corresponds to a
transcerver that connects to a radio control unit via an
interface. The radio control unit may be provided by the
signal generation and/or analysis equipment. For instance,
the remote radio head comprises the respective circuity, the
respective converters (A/D converters and/or D/A convert-
ers) and/or the respective converters (up- and/or down-
converters).

Furthermore, the angular orientation of the test location
may be adjustable. In other words, the test location com-
prises a rotational axis about which the test location (and the
device under test) can be rotated.

The device under test itself may be rotated about the
rotational axis so that different angular orientations of the
beam path can be set due to a movement of the device under
test, for example a rotational movement of the device under
test.

The rotational axis about which the device under test can
be rotated may coincidence with the axis about which the
linear adjustment members can be rotated or rather swiveled.

As already mentioned, the linear adjustment members
may be stacked on each other wherein the test location for
the device under test 1s assigned to the stack. Hence, a
common rotational axis may be provided for the beam path
adjustment units, for example the linear adjustment mem-
bers, and the device under test.

According to another aspect, the measurement system
comprises a shielded space encompassing the at least two
antennas, the at least two reflectors and/or the test location.
Thus, interfering signals disturbing the testing of the device
under test can be shielded appropriately so that 1t 1s ensured
that the test results are reliable.

For instance, the integrated beam path adjustment unit 1s
located at a wall of the shielded space, for example a side
wall, a bottom wall or a ceiling. Thus, the respective
integrated beam path adjustment unit, namely the antenna as
well as the corresponding reflector, are attached to a wall of
the shielded space. For instance, the mtegrated beam path
adjustment unit can be mounted on the wall by a certain
fixing member such as a screw, a clip or any other suitable
fixing member.

Further, the integrated beam path adjustment unit may be
placed on a table within the shielded space, for instance on
an optical table.

According to an embodiment, both antennas are config-
ured to process separate data streams for spatial multiple-
input multiple-output testing and/or to process the same data
streams for radio resource management testing. Therefore,
base station hand-over scenarios, for example the charac-
teristics of the device under test related thereto, can be tested
due to the antennas assigned to the respective beam paths
with different angular orientations. A hand-over testing
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scenario at fixed angles can be defined for testing the device
under test, for mstance fixed angles at 30°, 60° and/or 90°.

Moreover, the antennas may be dual-polarized antennas.
The two dual-polarized antennas enable four-layer multiple-
input multiple-output testing of the device under test.

For instance, the dual-polarized antennas may be moved
at different oflset angles with respect to the device under test
so that the respective measurements can be carried out for
testing the angular behavior of the device under test.

According to an aspect, a measurement system as men-
tioned above 1s used when carrying out the method for
testing a device under test. Thus, the advantages mentioned
above also apply 1n a similar manner to the method.

The measurement system for testing the device under test
corresponds, 1n some embodiments, to a (movable) compact
antenna test range (CATR) system that can be used for
multiple-input multiple-output testing as well as radio
resource management testing of the device under test.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of the claimed subject matter will become more readily
appreciated as the same become better understood by ret-
erence to the following detailed description, when taken 1n
conjunction with the accompanying drawings, wherein:

FIG. 1 schematically shows a representative example of a
measurement system according to an embodiment of the
present disclosure;

FIG. 2 shows a perspective view ol a representative
example of a measurement system according to an embodi-
ment of the present disclosure; and

FIG. 3 shows a plan view on the measurement system of

FIG. 2.

DETAILED DESCRIPTION

The detailed description set forth below in connection
with the appended drawings, where like numerals reference
like elements, 1s intended as a description of various
embodiments of the disclosed subject matter and 1s not
intended to represent the only embodiments. Each embodi-
ment described in this disclosure 1s provided merely as an
example or 1llustration and should not be construed as
preferred or advantageous over other embodiments. The
illustrative examples provided herein are not intended to be
exhaustive or to limit the claimed subject matter to the
precise forms disclosed.

In FIG. 1, a measurement system 10 i1s shown that
comprises a shielded space 12 provided by a moveable
device 14 that defines a chamber which can be accessed via
a sealable opening 16. Generally, the shielded space 12 is
limited by a bottom wall 18, several side walls 20, for
example four side walls 20, as well as a ceiling 22.

As shown in FIG. 1, the measurement system 10 further
comprises two itegrated beam path adjustment units 24 that
are located at one of the side walls 20 and the ceiling 22,
respectively. As will be described later, the integrated beam
path adjustment units 24 can be moved along the side wall
20 and ceiling 22, respectively. Of course, the integrated
beam path adjustment units 24 may alternatively or addi-
tionally be located at any other wall of the chamber or rather
the shuelded space 12.

Each of the integrated beam path adjustment units 24
comprises one antenna 26 as well as a retlector 28 that 1s
assigned to the antenna 26. The antenna 26 and the reflector
28 are located with respect to each other such that signals
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transmitted by the antenna 26 are deflected by the corre-
sponding reflector 28 as schematically illustrated 1n FIG. 1
The antenna 26 and the corresponding reflector 28 assigned
to the respective antenna 26 are (mechanically) coupled with
cach other so that the integrated beam path adjustment units
24 15 a single unit which can be mounted on the respective
wall 18 to 22 of the shielded space 12. When the integrated
beam path adjustment unit 24 1s mounted on the respective
wall 18 to 22 of the shielded space 12, both components,
namely the antenna 26 and the retlector 28, are mounted on
the respective wall 18 to 22 of the shielded space 12
simultaneously.

The measurement system 10 also comprises a test location
30 on which a device under test 32 1s placed that can be
tested by the measurement system 10. The device under test
32 may be a mobile communication device, for instance a
mobile phone, a tablet or any other suitable mobile end
device.

The measurement system 10 further comprises a signal
generation and/or analysis equipment 34 that 1s assigned to
the integrated beam path adjustment units 24 and/or the
device under test 32. The signal generation and/or analysis
equipment 34 may be connected to the moveable device 14
via an interface, for instance an electric interface.

Generally, the measurement system 10 1s configured to
test the transmission characteristics of the device under test
32 and/or the receiving characteristics of the device under
test 32. Thus, the signal generation and/or analysis equip-
ment 34 can be configured to generate an electromagnetic
signal that 1s transmitted via the integrated beam path
adjustment umt 24 towards the device under test 32, for
example the respective antennas 26, in order to test the
receiving characteristics of the device under test 32.

Alternatively or additionally, the signal generation and/or
analysis equipment 34 1s configured to analyze electromag-
netic signals received via the integrated beam path adjust-
ment units 24, for example the respective antennas 26,
which have been transmitted by the device under test 32 so
that the transmission characteristics of the device under test
32 can be measured appropriately.

It should be understood that the signal generation and/or
analysis equipment 34 can be implemented in hardware or
software or a combination of hardware and software. In
some embodiments, the signal generation and/or analysis
equipment 34 includes circuitry (e.g., analog, digital, com-
binations thereol) configured to carry out the functionality
set forth herem.

In some embodiments, a beam path 36 1s provided
between each beam path adjustment unit 24, for example the
respective antenna 26, and the device under test 32 placed on
the test location 30. As mentioned above, the beam paths 36
may originate from the integrated beam path adjustment
units 24, for example the respective antennas 26, as illus-
trated 1n FIG. 1 schematically or they may originate from the
device under test 32.

Irrespective of the origin of the electromagnetic signals,
the signals are reflected by the reflector 28 towards the
device under test 32 or rather the antenna 26 associated to
the respective reflector 28. Hence, the reflector 28 1s located
in the beam path 36.

Since the itegrated beam path adjustment units 24 can be
moved 1n a linear manner (as indicated by the respective
arrows), the angular orientation of the respective beam path
36 with regard to the device under test 32 can be adapted.
The linear movement 1s established by a linear adjustment
member 38 that ensures that the antenna 26 and the retlector
28 can be moved 1n a linear manner along the respective
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wall. In the shown embodiment, the linear adjustment mem-
ber 38 corresponds to a linear rail that 1s attached to the
respective wall of the shielded space 12.

The antenna 26 and the reflector 28 both are assigned to
the linear adjustment member 38 so that they can be moved
with respect to the device under test 32. Hence, both
components of the integrated beam path adjustment unit 24,
namely the antenna 26 and the reflector 28, can be moved
along the respective wall 1n a linear manner simultaneously.

In addition to this linear movement, the integrated beam
path adjustment unit 24 comprises a rotational adjustment
member 40 that ensures a rotational movement of the
reflector 28 and/or the antenna 26. Hence, the angular
orientation of the integrated beam path adjustment unit 24
can be adapted appropriately by adjusting the rotational
adjustment member 40 1n a desired manner. For instance, the
rotational adjustment member 40 1s established by a gimbal.

In the shown embodiment, the rotational adjustment
member 40 1s assigned to the linear adjustment member 38
so that both components of the integrated beam path adjust-
ment unit 24, namely the antenna 26 and the reflector 28, can
be rotated appropnately.

According to another embodiment, the rotational adjust-
ment member 40 may be located between the antenna 26 and
the reflector 28 so that the antenna 26 can be rotated with
respect to the corresponding reflector 28. Alternatively, the
reflector 28 can be rotated with respect to the corresponding
antenna 26.

Generally, the rotational and/or linear movement of the
integrated beam path adjustment unit 24 ensures that the
angular orientation of the respective beam path 36 can be
adapted appropriately. The angular orientation may corre-
spond to the angles theta and phi 1n the spherical coordinate
system.

In the shown embodiment of FIG. 1, the test location 30
1s also provided 1n a movable manner as the angular orien-
tation of the test location 30 and, therefore, the angular
orientation of the device under test 32 placed on the test
location 30 can be adjusted appropriately. This 1s indicated
by the arrow which illustrates the rotational movement of
the table defining the test location 30 about the rotational
axis A.

Therefore, the angular orientation of the beam path 36 can
be adapted by adapting the relative position of the beam path
adjustment unit 24 and/or the device under test 32 itself.

In addition, the measurement system 10 may have a
height adjustment member 42 that 1s assigned to the respec-
tive integrated beam path adjustment unit 24. For instance,
the height relates to the distance between the antenna 26 and
the corresponding reflector 28 in the shown embodiment so
that this distance can be adapted appropnately.

In the shown embodiment, the reflector 28 may be dis-
placed along a connecting member 44 via which the antenna
26 1s connected to the linear adjustment member 38 and/or
the rotational adjustment member 40. Hence, the reflector 28
can be displaced with respect to the antenna 26 being fixed
at the end of that connecting member 44. The connecting
member 44 also provides the mechanical coupling between
the reflector 28 and the antenna 26.

The measurement system 10, for example each integrated
beam path adjustment umts 24, may comprise a remote radio
head 46 that 1s assigned to the respective antenna(s) 26. For
instance, the remote radio head 46 i1s located under the
respective linear adjustment member 38 so that 1t 1s located
close to the respective antenna 26. Hence, the path losses can
be reduced compared to the ones that would occur 1f the
remote radio head 46 would be located at a certain distance




US 11,762,018 B2

9

with respect to the antenna 26. Accordingly, the remote radio
head 46 1s assigned to the corresponding integrated beam
path adjustment unit 24.

As shown m FIG. 1, the respective retlectors 28 are
shaped, for example curved or rather arcuate, so that the
clectromagnetic signals deflected by the reflectors 28 are
converted into planar waves that correspond to the electro-
magnetic waves 1n the far-field. In some embodiments, the
reflectors 28 generate and/or collimate planar waves.

The far-field characteristics of the device under test 32 can
be measured within the shielded space 12 by the measure-
ment system 10 even though the distance between the device
under test 32 and the respective antenna 26 1s small in
comparison with the Fraunhofer distance. Thus, a compact
measurement system 10 for testing the far-field character-
istics of the device under test 32 1s provided.

The antennas 26 can be established by dual-polarized
antennas so that the at least two antennas 26 can be used for
four-layer multiple-input multiple-output (MIMO) testing of
the device under test 32. Accordingly, the measurement
system 10, for example the antennas 26, 1s configured to
process separate data streams for spatial multiple-input
multiple-output testing of the device under test 32.

Furthermore, the (dual polarized) antennas 26 can be used
tor radio resource management (RRM) testing of the device
under test 32, for mstance testing of hand-over scenarios of
the device under test 32 between two base stations simulated
by the (dual polarized) antennas 26. Accordingly, the mea-
surement system 10, for example the antennas 26, 1s con-
figured to process the same data streams.

In some embodiments, the measurement system 10 com-
prises at least two antennas 26, two corresponding reflectors
28, the signal generation and/or analysis equipment 34 as
well as the test location for the device under test 32. As
shown 1n FIG. 1, at least the two antennas 26, the reflectors
28 as well as the test location 30 are assigned to the shielded
space 12 so that the shielded space 12 encompasses these
units of the measurement system 10 ensuring that interfering,
signals are shielded that may disturb the testing of the device
under test 32.

In FIGS. 2 and 3, another embodiment of the measure-
ment system 10 for testing a device under test 32 1s shown.
In this embodiment, each integrated beam path adjustment
unit 24 comprises a linear adjustment member 38 that 1s
assigned to the antenna 26 wherein the linear adjustment
member 38 1s established by a linear rail 48 along which the
respective antenna 26 can be moved linearly at least partly.

Hence, the linear rails 48 ensure that the respective
antenna 26 mounted thereon, can be moved i1n a linear
manner with respect to the corresponding retlector 28 that 1s
also mounted on the respective linear rail 48 at a first end 50.

The linear rails 48 of both integrated beam path adjust-
ment units 24 intersect each other at a certain point that
relates to an area of the test location 30.

The area of the test location 30 1s assigned to a second end
52 of the respective linear rail 48. The second ends 52 of the
linear rails 48 are opposite to the first ends 50. Hence, the
reflectors 28 are assigned to one end of the linear rails 48
whereas the test location 30 1s assigned to the opposite ends
of the linear rails 48.

In some embodiments, both linear rails 48 intersect each
other 1n an axis A that corresponds to the center axis of the
test location 30. This axis A may correspond to a rotational
axis for the device under test 32 about which the device
under test 32 can be rotated 11 desired.

Moreover, both beam path adjustment units 24 can be
rotated independently from each other about this axis A.
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Thus, a rotational movement of the beam path adjustment
umts 24 with respect to the device under test 32 1s also
ensured.

The beam path adjustment units 24, for example their
linear rails 48, can be connected with each other by a joint
and/or a bearing in the respective area assigned to the axis
A, wherein both linear rails 48 are located 1n different planes
so that they can move relative to each other and indepen-
dently from each other. In some embodiments, the linear
rails 48 correspond to clock arms as they can move 1n a
rotational manner independently of each other about the
same axis, namely the rotational axis A.

It 1s also shown that a linear adjustment member 38 1s
assigned to each reflector 28 so that the (linear) position of
the reflector 28 with respect to the antenna 26 can also be
adapted appropriately. The linear adjustment member 38
assigned to the reflector 28 may comprise an adjusting screw
54 for fine tuning the respective position of the retlector 28
with respect to the antenna 26.

Moreover, rotational adjustment members 40 are assigned
to each retlector 28 and each antenna 26 so that the antennas
26 and/or reflectors 28 can be rotated appropriately. For
instance, the rotational adjustment members 40 are estab-
lished by gimbals, joints or any other suitable members
allowing a rotational movement.

In addition, the integrated beam path adjustment units 24
cach comprise a height adjustment member 42 so that the
height of the reflector 28 can be set appropriately. In the
shown embodiment, the height 1s substantially perpendicular
to the linear direction which 1s assigned to the distance
between the antenna 26 and the reflector 28 of the same
integrated beam path adjustment units 24.

The measurement system 10, for example the respective
beam path adjustment units 24, may also comprise the
remote radio head(s) 46 being assigned to the linear rails 48,
for example located under the linear rails 48. Accordingly,
the remote radio heads 46 are located close to the respective
antennas 26 reducing path losses between the antennas 26
and the remote radio heads 46.

As already mentioned, the beam path 36 provided by each
beam path adjustment unit 24 comprises two parts, namely
the first part established between the reflector 28 and the
antenna 26 as well as the second part established between
the retlector 28 and the device under test 32.

Thus, the electromagnetic signals transmitted by the
antenna 26 are detlected or rather reflected by the reflector
28 towards the device under test 32. In a similar manner, the

clectromagnetic signals transmitted by the device under test
32 are detlected or rather reflected by the reflector 28
towards the antenna 26.

The measurement system 10 shown 1n FIGS. 2 and 3 can
be located on a table, for instance an optical table, within a
shielded space which 1s not shown in the respective FIG-
URES. Both embodiments shown can be used for testing the
device under test 32 that has been placed on the test location
30.

Depending on the testing scenario, the angular orienta-
tions of the adjustment units 24 are adjusted with respect to
the device under test 32 so that two beam paths 36 are
established between the device under test 32 and the respec-
tive antenna 26. The beam paths 36 established may have
different angular orientations.

Once the angular orientations are set, at least one elec-
tromagnetic signal i1s generated by the signal generation
equipment 34 (for testing the receiving characteristics of the
device under test 32) or by the device under test 32 (for
testing the transmission characteristics of the device under
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test 32). The respective electromagnetic signal generated 1s
received via the device under test 32 or rather the signal
analysis equipment 34 depending on the testing scenario.
Then, the electromagnetic signal received 1s analyzed appro-
priately. In case of the device under test 32 receiving the
clectromagnetic signal generated, the analysis can be done
by the signal analysis equipment 34 which may be con-
nected to the device under test 32.

The method can also be carried out by using only one
integrated beam path adjustment unit 24 for adjusting the
angular orientation of the respective beam path 36 related to
the mtegrated beam path adjustment unit 24. For instance,
another antenna 26 (and a reflector 28 associated thereto) 1s
provided that establishes a fixed beam path which angular
orientation cannot be adapted.

Nevertheless, the MIMO and RRM testing can be done
since at least one beam path 36, namely the one associated
to the integrated beam path adjustment unit 24, can be
adapted for testing purposes, for example the angular ori-
entation of this beam path 36.

In addition, the measurement system 10 may also com-
prise more than two integrated beam path adjustment units
24 so that more than two base stations can be simulated for
testing purposes.

Accordingly, a compact measurement system 10 1s pro-
vided that ensures over-the-air (OTA) measurements of the
device under test 32 in a cheap and ellicient manner.

Furthermore, two compact antenna test range quiet zones
can be generated within the shielded space 12 due to the two
antennas 26.

Generally, at least two far-field sources, namely the anten-
nas 26 (1in combination with the corresponding reflectors 28)
are provided so that hand-over-scenarios as well as multi-
layer MIMO testing of the device under test 32 can be
carried out approprately.

The present application may reference quantities and
numbers. Unless specifically stated, such quantities and
numbers are not to be considered restrictive, but exemplary
of the possible quantities or numbers associated with the
present application. Also in this regard, the present applica-
tion may use the term “plurality” to reference a quantity or
number. In this regard, the term “plurality” 1s meant to be
any number that 1s more than one, for example, two, three,
tour, five, etc. The terms “about,” “approximately,” “near,”
ctc., mean plus or minus 5% of the stated value. For the
purposes of the present disclosure, the phrase “at least one
of A, B, and C,” for example, means (A), (B), (C), (A and
B), (A and C), (B and C), or (A, B, and C), including all
turther possible permutations when greater than three ele-
ments are listed.

The principles, representative embodiments, and modes
of operation of the present disclosure have been described 1n
the foregoing description. However, aspects of the present
disclosure which are itended to be protected are not to be
construed as limited to the particular embodiments dis-
closed. Further, the embodiments described herein are to be
regarded as illustrative rather than restrictive. It will be
appreciated that variations and changes may be made by
others, and equivalents employed, without departing from
the spirit of the present disclosure. Accordingly, 1t 1s
expressly intended that all such vanations, changes, and
equivalents fall within the spirit and scope of the present
disclosure, as claimed.

The embodiments of the invention in which an exclusive
property or privilege 1s claimed are defined as follows:

1. A measurement system for testing a device under test,
comprising at least two antennas, at least two reflectors, a
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signal generation and/or analysis equipment, and a test
location for the device under test, wherein each of the at least
two antennas 1s assigned to a corresponding reflector of the
at least two reflectors, wherein each of the at least two
antennas 1s configured to transmit and/or receive an elec-
tromagnetic signal so that a beam path 1s provided between
the respective antenna and the test location, wherein the
clectromagnetic signal is reflected by the respective reflector
so that the electromagnetic signal corresponds to a planar
wave, wherein the beam paths have different angular orien-
tations that are adjustable, and wherein at least one antenna
and the corresponding retlector of the at least two reflectors
are coupled with each other so that an integrated beam path
adjustment unit 1s established including the at least one
antenna and the corresponding retlector of the at least two
reflectors, wherein the beam path adjustment unit comprises
a rotational adjustment member for rotational movement of
the reflector, wherein the beam path adjustment unit com-
prises a linear adjustment member for adjusting the linear
position of the antenna with respect to the reflector, wherein
the linear adjustment member 1s established by a linear rail
along which the antenna can be displaced 1n a linear manner,
and wherein the retlector 1s also mounted on the respective
linear rail, wherein first and second beam path adjustment
units are provided, wherein the linear adjustment members
of the first and second beam path adjustment units intersect
cach other at an axis 1n the area of the test location at which
the device under test 1s positioned during testing, and
wherein the first and second beam path adjustment units are
moveable about the same axis independently from each
other.

2. The measurement system according to claim 1, wherein
cach of the reflectors 1s located 1n a corresponding beam path
and wherein each of the reflectors 1s configured to generate
and/or collimate a planar wave.

3. The measurement system according to claim 1, wherein
the beam path adjustment unit comprises a linear adjustment
member for adjusting the linear position of the reflector.

4. The measurement system according to claim 1, wherein
the beam path adjustment unit comprises a height adjust-
ment member for adjusting the height of the reflector and/or
the antenna.

5. The measurement system according to claim 1, wherein
a remote radio head 1s assigned to the beam path adjustment
unit.

6. The measurement system according to claim 1, wherein
the angular orientation of the test location 1s adjustable.

7. The measurement system according to claim 1, wherein
the measurement system comprises a shielded space encom-
passing the at least two antennas, the at least two retlectors
and/or the test location.

8. The measurement system according to claim 1, wherein
both antennas are configured to process separate data
streams for spatial multiple-input multiple-output testing
and/or to process the same data streams for radio resource
management testing.

9. The measurement system according to claim 1, wherein
the antennas are dual-polarized antennas.

10. A method for testing a device under test placed on a
test location by using a measurement system comprising a
signal generation and/or analysis equipment and two 1inte-
grated beam path adjustment umts, each including an
antenna and a reflector coupled with the respective antenna,
wherein the linear adjustment members of both beam path
adjustment units intersect each other at an axis i1n the area of
the test location at which the device under test 1s positioned
during testing, with the following steps:
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adjusting the beam path adjustment unit with respect to
the device under test so that a beam path 1s established
between the device under test and the respective
antenna of the beam path adjustment unit having a
defined angular orientation, wherein the antenna of the
integrated beam path adjustment unit 1s displaced along
a linear rail 1n a linear manner with respect to the
reflector when the beam path adjustment unit 1is
adjusted, wherein the retlector 1s also mounted on the
respective linear rail;

moving both beam path adjustment units about the same

axis independently from each other, thereby adjusting
the angular orientations;
generating an electromagnetic signal by the device under
test and/or the signal generation equipment; and

receiving the electromagnetic signal generated via the
signal analysis equipment and/or the device under test,
and
wherein multiple-input multiple-output (MIMO) and
radio resource management (RRM) measurements are
performed by using the measurement system, and

wherein MIMO and RRM characteristics of the device
under test are tested since two diflerent base stations are
simulated for testing hand-over scenarios.

11. The method according to claim 10, wherein the
measurement system includes at least two antennas, at least
two reftlectors, a signal generation and/or analysis equip-
ment, and a test location for the device under test, wherein
cach of the at least two antennas 1s assigned to a corre-
sponding reflector, wherein each of the at least two antennas
1s configured to transmit and/or receive an electromagnetic
signal so that a beam path 1s provided between the respective
antenna and the test location, wherein the electromagnetic
signal 1s reflected by the respective reflector so that the
clectromagnetic signal corresponds to a planar wave,
wherein the beam paths have different angular orientations
that are adjustable, and wherein at least one antenna and the
corresponding reflector are coupled with each other so that
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an integrated beam path adjustment unit 1s established
including at least one antenna and the corresponding retlec-
tor.

12. A measurement system for testing a device under test,

comprising;

a shielded space, at least two antennas, at least two
reflectors, a signal generation and/or analysis equip-
ment, and a test location for the device under test,

wherein each of the at least two antennas 1s assigned to a
corresponding reflector, wherein each of the at least
two antennas 1s configured to transmit and/or receive an
clectromagnetic signal so that a beam path 1s provided
between the respective antenna and the test location,
wherein the electromagnetic signal 1s reflected by the
respective reflector so that the electromagnetic signal
corresponds to a planar wave, wherein the beam paths
have different angular orientations that are adjustable,
wherein at least one antenna and the corresponding
reflector are coupled with each other so that an inte-
grated beam path adjustment unit 1s established 1nclud-
ing the at least one antenna and the corresponding
reflector such that the measurement system comprises
two 1ntegrated beam path adjustment units, and
wherein each of the integrated beam path adjustment
unit comprises linear adjustment member that 1is
capable of adjusting the linear position of the reflector
and the linear position of the antenna of the respective
integrated beam path adjustment unit, thereby adjusting
the angular orientation of the respective beam path, and

wherein the linear adjustment member 1s established by
a linear rail that i1s attached to a wall of the shielded
space, such that the antenna and the corresponding
reflector are attached to a wall of the shielded space,
wherein the antenna and the corresponding reflector of
cach respective integrated beam path adjustment unit
are attached to the same wall of the shielded space, and
wherein the reflector 1s displaceable along a connecting
member via which the antenna 1s connected to the
linear adjustment member.
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